Introduction
The advent of the Accounting Principles i Board Opinion No. 15, Earnin6s Per Share has generated a good deal of discussion concerning the theoretical underpinning, the complexities of computation and the final results of determining primary and fully diluted earnings per share.
Both Opinion No. 15 and the earlier Opinion No. 9, which was modified by Opinion No. 15, reflect the concern of the accounting profession with a single, important statistic.
The new ruling required convertible debt be considered as common stock equivalents, and therefore enter to the denominator of the primary EPS statistic, if, and only if, ". . . at the time of issuance, based on market price, it has a cash yield of less than 66 2/3% of~ the then current bank prime interest rate. ''~ Otherwise, it is included in the fully diluted EPS, which reflects maximum potential dilution.
Warrants and options are always considered common stock equivalents and therefore enter into the computation of primary EPS if their inclusion is dilutive.
The net dilutive effect, however, is determined by the application of the "treasury stock rule" which is to be applied uniformly by all companies. "Under this method, earnings per share data are computed as if the options and warrants were exercised at the beginning of the period... and as if the funds obtained thereby were used to purchase common stock ~t the average market price during the period. ''~ The Board limited the use of this to 20% of the common shares outstanding and then required that the balance of any remaining funds be applied to the reduction of any short or long term debt, and then be invested in government securities and commercial paper, in that order.
Since the Opinion is relatively new, and since recalculation of past data according to the rules of the Opinion is almost impossible, a simulation model evaluating the effects of the Opinion would be useful because it enables us to "peek."
We wish to know what effect the Opinion may have on the differences between traditional, primary and fully diluted EPS under the impact of changing economic conditions, changing interest rates and changing stock prices on companies having different capital structures, growth rates and leverage targets.
Clearly, interrelationships between endogenous and exogenous variables are complicated, making it extremely difficult to predict changes in the three EPS figures by analytic methods.
In this study EPS data and other financial information are generated by simulation methods for 35 periods, using a Monte Carlo generating process for certain input variables, and then run again 6 times from the same starting conditions.
Description of the Model
The simulation model is organized in sections which fall within three major categories:
1. Subsections which generate exogenous information such as stock prices, the different types of bond rates, the present state of the economy, or indicate management decisions according to some predetermined decision rules.
2. Subsections which calculate the results obtained from the factors calculated and/or derived from the first group of subroutines. These subroutines produce financial statements. In addition they calculate financial variables such as conversion of different types of bonds, exercise of outstanding warrants, interest by bond. They also keep track of any tax loss carried forward, and the expiration of bond issues.
. Subsections which print out the financial statements and key financial data to indicate the result of operations for each period and the end-of-period status to the experimenter.
The subsections are written in a way which can be easily and efficiently modified. They can be substituted by different decision rules and/or different input factors or elements. A schematic layout of the subroutines and their interaction is illustrated in Appendix A to this paper. In the following discussion we will describe the preparation of input information required by the experimenter.
Since repetitive sampling is permitted (the module can run as many times as requested setting back information to the original starting conditions automatically) the number of experimental runs has to be specified. (This number must be a positive integer.)
In addition, the number of time periods per run and the number of companies are input. While there are no limits on the number of time periods, at its current stage the module can handle up to l0 companies simultaneously. (Our study was run 6 times with 3 companies for 35 years each time.)
In addition, the following information for each company is necessary: (I) total debt structure classified by the amount of short term debt, straight bond debt, long term convertible debt and debt with warrants; (2) the number of common shares outstanding, and par value of a share; (3) the number of conversion options outstanding and the conversion price. These conditions set the degree of complexity of the capital structure. Some of the above values will initially be zero (for example, paid-in surplus or retained earnings, and common stock equivalents for a "straight" company). In Appendix B the starting conditions of a typical run are displayed. Experimenter supplied data are underscored.
The amount of convertible debt and debt with warrant options attached which are input at the start for a firm is used to determine the maximum level of that type of debt to total debt and/or to common stock in the future.
The leverage ratio at the beginning is the target debt/asset ratio toward which the company will try to adjust. Starting conditions of financial factors or indicators therefore are used either as upper limits or as targets. However, these factors can be easily made a function of time or economic conditions with a modest amount of additional programming effort. For our primary purpose the current state of the module seemed to be satisfactory.
It should be noted that long term debt, whether it is straight debt, convertible debt or debt with warrants, is assumed to be one maturity, 20 years. This is done for ease of keeping in memory expiration of the different debt issues.
This factor too can easily be changed if it is so required.
In addition to the firm's capital structure, information about all possible relationships between prime rate and the cash yields on the three types of bonds is input in matrix form. For our purpose this matrix is predetermined by 3 rows corresponding to straight debt, convertible debt and debt with warrants and 8 columns corresponding to 8 possible economic conditions which are described later. The matrix used during this simulation is as follows: Thus, once the going prime rate and the state of the economy is obtained, all the possible bond rates are simultaneously determined.
Econo~
The reader should note that four out of the 8 long-short debt relationships indicate an upward sloping yield curve, 3 downward sloping yield curves and one is a "flat" yield curve.
Straight debt has always a higher cash yield than convertible debt, and convertible debt has always a slightly higher cash yield than debt with warrants.
Since the above predetermined matrix is input it can be easily changed, augmented or even replaced by a function. At the start, the prevailing relationships should be specified by supplying the 0 period prime rate and the column index of the above matrix. In a typical simulation run at period Zero a column will be picked (1-4) such that the convertible debt will be classified as a common stock equivalent.
Interrelationships Between Economy, Growth~ Stock Price~ Earninss Per Share
It is assumed ~hat the firms will grow at a constant rate. J Although this rate may vary among firms, it remains constant for the three firms for all periods during the simulation.
Thus, no matter what will happen in the economy (i.e., which one out of the possible 8 economic conditions will prevail), total assets will increase by a fixed percent, and concurrently liabilities and/or equity will increase by the same amount.
Since operating profits (earnings before interest and taxes in this case) are a fixed percent of assets with constant variance, subject to a random shock which in the simulation is generated by a normal process with 0 mean and unit variance, earnings will grow if, and only if, assets grow.
In the simulation, all firms are subject to the same extent to the random shock, but they are not required to have the same return expectation on assets and/or the same variance.
Thus, they are perfectly correlated among themselves and with the economy.
Stock price is the following function of the rate of return on assets: Where At_l, i is assets at t-I of company i and gi' rt sdi are as above From E.B.I.T. the total interest payable and tax payable is deducted.
(In case of losses, the tax carry forward method is applied.) It is assumed that the firms will pay dividends according to a constant payout ratio whenever earnings are positive.
The residual is transferred to the retained earnings account. Earnings per share are calculated by the 3 different methods for each time period.
Appendix C exhibits the relationship between the state of the economy, growth, stock price, interest rates, and the three definitions of EPS for the three firms for a sample period.
The previously specified economic conditions (I-8) are the following:
1. good economy turned bad 2. good economy turned better 3. bad economy turned better 4. bad economy turned worse 5. good economy turned bad slightly 6. good economy turned very bad 7. bad economy turned good slightly 8. bad economy turned very good These shifts are determined primarily by the direction and the magnitude of the random shocks of two successive periods.
The model used so far shows acceptable behavior as a simulator of a real economy.
For simplicity it is assumed that price changes, interest rate changes, debt flotation and expiration, common stock flotation, exercise of warrant rights and options, and debt conversion take place at the end of each period for all firms.
Interrelationships Between Economic (Exogenous) Factors andManagement Decision Ru!es As the new economic indicators are produced (such as stock prices, interest rates) two interdependent processes take place:
I. Investors holding residual securities decide on the exercise of their rights and conversion of their debt.
2. Based on the outcome of I, management decides on the means of financing the capital needs for the next period (capital needs due to growth less the increase of funds due to the exercise of warrant rights).
The conversion of bonds and/or exercise of warrants is determined simply by the market price, the conversion or exercise price relationship, and the amount converted and/or exercised is a fixed proportion of the outstanding convertible debt and/or warrants and is a function of that ratio.
The second decision process, however, is quite complex. A flow chart describing all the alternatives for the capital flotation decision process is shown in Appendix D.
A balance sheet, earnings statement and financial indices summary display the results (and the starting conditions for the ~xt period) of each period. Appendix E is an example of the results for the first period and for period 13.
Chart I displays the graphical results of the three EPS definitions for the 3 firms for a single run of 35 periods.
Statistical Analysis
We chose three hypothetical firms which differed only by debt composition.
Firm A had no residual securities.
Firm B had 50% convertible debt (upper limit) providing options of I0 percent of its actually outstanding shares. Firm C had, as upper limits, I/3 straight debt, I/B convertible debt and I/3 debt with warrants providing 40 percent options of its common shares outstanding. The leverage ratio of each firm at the beginning became the target debt/asset ratio toward which the firm adjusted.
The purpose of this study is to determine whether observed variations of EPS changes can be correlated with debt composition, time, the definition of earnings per share, or by a combination of these factors, when the simulation process is replicated a number of times.
And, if the correlation exists, we wish to determine whether its magnitude is only such as would be expected from random samples from a normally distributed population.
To test the above question the simulation model described above was run 6 times. For each run the same starting conditions were used (see Appendix B), and the model was run for 35 time periods, thus obtaining a total of 210 time period observations on each of the three firms.
For each of those time periods EPS were calculated by the traditional, primary, and fully diluted method. Since it was assumed that the companies grow at a given rate over the 35 period time span, an analysis of variance model of complete crossed design was developed for B factors: Table I shows the source of variation, sum of squares, degrees of freedom and means squares for the above 7 hypotheses. It is easily verified that only the time period effect is significant at the .05 level fo9 H@~(Fq4~ I~7~ = 15.21, the theoretical F value degrees of freedom is 2.00). All other effects (or interactions between them) are insignificant.
The meaning of this result is that in the long run the only significant influence on EPS is the time factor. Neither the residual composition of securities nor arbitrary EPS definitions (or any interaction between the two) will yield statistically significant differences. A contrast analysis can detect those levels which are significantly different from others. This analysis is not performed since our primary interest is in the other two factors which are shown to be insignificant. Implicit in the derivation of these two new data was the assumption that significantly different results over the traditional definition would appear.
Given the limitations and assumptions of our simulation model, an analysis of variance on three factors, time, debt composition and definition of EPS, indicates that neither differences in debt composition nor differences in definitions of EPS will produce significantly different expectations of EPS for companies which are, certeris paribus, similar.
Although we do not know what the true definition of EPS should be, the results of the study point to a single conclusion.
The new definitions of the Board are not different from the traditional definition, which was factual, relatively easy to compute and much easier to understand.
We believe that the traditional EPS is still a useful anchor until research in financial accounting theory shows us that a particular change will lead to significantly better decisions. ,." .., . ~ : 
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